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SHORT COMMUNICATION
ABSTRACT
Our objective was to compare some plant growth promoting rhizobacteria (PGPR) properties of Bacillus
subtilis and Pseudomonas aeruginosa as representatives of their two genera. Solanum lycopersicum L.
(tomato), Abelmoschus esculentus (okra), and Amaranthus sp. (African spinach) were inoculated with the
bacterial cultures. At 60 days after planting, dry biomass for plants treated with B. subtilis and P. aeruginosa
increased 31% for tomato, 36% and 29% for okra, and 83% and 40% for African spinach respectively over the
non-bacterized control. Considering all the parameters tested, there were similarities but no significant difference
at P < 0.05 between the overall performances of the two organisms.
Key-words: PGPR, Pseudomonas aeruginosa, Bacillus subtilis, growth promotion
Many species and specific strains of bacteria have been
investigated as plant growth-promoting rhizobacteria (PGPR) in
different parts of the world on different plants. The impact of
rhizobacteria generally on plant growth and health may be
classified as neutral, deleterious or beneficial (12). However,
PGPR specifically are beneficial and the beneficial effects have
been utilized in many areas including biofertilizer, disease control,
microbe-rhizoremediation, biopesticide, in forestry (11,13,14) as
well as probiotics (15).
Different bacteria that have been reported as PGPR belong
to the following genera: Pseudomonas, Bacillus, Azospirillum,
Agrobacterium, Azotobacter, Arthrobacter, Alcaligenes,
Serratia, Rhizobium, Enterobacter, Burkholderia, Beijerinckia,
Klebsiella, Clostridium, Vario-vovax, Xanthomonas, and
Phyllobacterium (4-6,10,13,14,16,18). Among these,
Pseudomonas and Bacillus are the most widely reported PGPR.
Growth promotion and disease control by Pseudomonas
and Bacillus are complex interrelated processes involving direct
and indirect mechanisms that include synthesis of some
metabolites (auxin, cytokinin and gibberellins), induction of 1-
aminocyclopropane-1-carbocylate (ACC) deaminase,
production of siderophore, antibiotics, hydrogen cyanide
(HCN), and volatile compounds. Others include mineral
solubilization (e.g., phosphorus), competition, and induced
systemic resistance (8,9,11,16,17,20). In these processes there
are some similarities and differences between Pseudomonas
and Bacillus based on the reports of different authors cited
above.
However, the relative competence of these two important
genera is not clear. To our knowledge, no reports are available
presenting a comparison between them under the same study
conditions. We agree with a previous assertion that comparative
studies between crop types and different species and strains
of rhizobacteria are currently missing in PGPR research (13).
The objective of this work was therefore to do a comparative
study of the PGPR (or plant probiotic) properties between the
genera of Pseudomonas and Bacillus. In order to make this
generalization, strains of Pseudomonas aeruginosa and
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Bacillus subtilis were used as representatives since they are
important species of each of the genera.
In the preliminary trials with P. aeruginosa and P. putida,
only this chosen strain of P. aeruginosa showed consistency
in growth promotion and this explains its choice and similarly,
that of the B. subtilis.
Soil used in this study was collected from the Botanical
Garden of the University of Lagos, Lagos, Nigeria. Soil was
analyzed as reported previously (1). Bacillus subtilis was
isolated from the soil and to do that, 9 ml of distilled water was
added to 1 g of soil sample in a macrophage tube. This was
agitated for 2 min to ensure thorough mixing. The tube was
placed in a hot water bath at 80ºC for 10 min to kill non-spore-
forming mesophiles. The heat-treated soil sample was serially
diluted and inoculation onto nutrient agar plates was done using
10-4 dilution by spread plate technique. Sterile glass spreader
(hockey stick) was used for inoculum spread. The plates were
incubated aerobically at 37ºC for 48 h (3,7). Identification of B.
subtilis was done by physiological and standard biochemical
tests (2,4) but the previously identified P. aeruginosa (1) was
used in this study.
Test plants included three vegetables - Abelmoschus
esculentus (okra), Solanum lycopersicum L. (formerly
Lycopersicon esculentum L.) (tomato) and Amaranthus sp.
(African spinach), which were selected to ensure that at least
one of them was available in any part of the world. Seeds of
these test plants were obtained from the Ondo State Agricultural
Development Program (ADP), Akure, Ondo State, Nigeria. Seeds
were surface disinfected by modifying the method used by Ryu
et al. (17) and then inoculated with bacterial cultures containing
106 cfu/ml by seed soaking using the same method by
Adesemoye and Ugoji (1). Three seed treatments for each of
the test plants include seeds inoculated with the strain of P.
aeruginosa, seeds inoculated with the strain of B. subtilis, and
seeds soaked in distilled water (control). Treated seeds were
sown in planting pots (20 cm in diameter) containing 2 kg of
field soil. Each treatment consisted of five replicates per plant.
Plants were watered with tap water once in two days using a
watering can. Experiments were conducted in the glasshouse at
the Botanical Garden, University of Lagos, Nigeria but seed
germination was monitored in the laboratory. In the laboratory,
the numbers of seedlings that emerged at 3 days after planting
(DAP) were manually counted. In the glasshouse, shoot height
of plants was measured at 10-day intervals over 60 DAP. The
numbers of days for tomato and okra to produce their first fruits
were recorded. All plants were harvested at 65 DAP and
rhizosphere soil was washed in slow running water. Excess water
was allowed to drain, fresh weights were taken, drying was
done at 70ºC for 48 h and dry weights were recorded (1,3). Data
were analyzed using SAS 9.1 software (SAS Institute, Cary,
NC). Treatment means were separated by least significant
differences at P < 0.05 and box plot was done.
Both strains of P. aeruginosa and B. subtilis enhanced the
emergence of seedlings at 3 DAP. The performances of the two
inoculants were not significantly different for tomato and African
spinach. In tomato, both inoculants recorded 50% improvement
in germination rate over the control. In African spinach, both
inoculants recorded 40% increase over the control. However,
for okra, 80% improvement in emergence was recorded for those
treated with B. subtilis while 60% improvement was recorded
for okra treated with P. aeruginosa over the control (Table 1).
The remaining seedlings that emerged after 3 days of planting
were not considered for this analysis because at 3 DAP about
90% of all treated seeds had emerged.
In all the test plant species, both inoculants enhanced growth
that was significantly greater than the control. The improvement
of plant growth over the control ranged between 30% and 80%
depending on the plant species. Among the inoculants,
differences were not statistically significant at P < 0.05. Although
mean shoot heights for tomato and African spinach plants
treated with P. aeruginosa were slightly greater than B. subtilis,
an opposite trend was observed for okra plants; however, the
differences were not significant. For instance, in tomato mean
shoot height of B. subtilis was 58.9 cm compared to 62.0 cm in
P. aeruginosa but both were significantly different from 46.0 cm
of the control (Fig. 1).
The impacts of the inoculants showed a similar trend for dry
biomass. Differences between treatments in terms of dry biomass
were not significant among the inoculants, but both were
statistically greater than the control. At 65 DAP, mean dry
biomass of tomato plants treated with B. subtilis or P. aeruginosa
increased 31% compared to the non-bacterized control, while
with okra, the biomass increase with B. subtilis was 36% and
29% with P. aeruginosa. Only in African spinach was the
difference between the inoculants significant; improvement over
the control was 83% and 40% for B. subtilis and P. aeruginosa
respectively (Fig. 2).
Table 1. Seedling emergence at 3 days after planting and number
of days for first fruit.
Seedling emergence Days for
at 3 DAP* first fruitΔ
   
Organism
Tomato Okra A. Tomato Okra
spinach
B. subtilis 90% (50) 90% (80) 70% (40) 56b 47b
P. aeruginosa 90% (50) 80% (60) 70% (40) 56b 45b
Control 60% 50% 50% 65a 59a
* Numbers in parentheses in the table represent percentage increases
of germination rate relative to the control. ΔNumbers with different
letters are significantly different at P < 0.05, Least significant Difference
test.
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The mean day for first fruit in tomato plants was the same 56
DAP for the two inoculants (P. aeruginosa and B. subtilis)
compared to 65 days of the control. In okra, test plants from
seeds treated with P. aeruginosa started fruit production two
days earlier (45th DAP) than those of B. subtilis (47th DAP),
and plants from seeds soaked in sterile distilled water
commenced fruiting on 59th DAP (Table 1).
Our results confirm growth promotion by one representative
each of both species of bacteria (Pseudomonas and Bacillus),
but little variations were observed in bacterial effectiveness
among parameters and vegetable types. Considering all
parameters tested in this study (seedling emergence, shoot
height, days of production of first fruit and dry biomass), there
were similarities but no significant difference between the overall
performance of Pseudomonas and Bacillus. Based on the results,
none of the representative organisms (of the two genera) in this
study is a better PGPR than the other. However, with the ability
of Bacillus to form heat and desiccation resistant endospores,
they may be relatively more versatile than Pseudomonas since
such spores can retain viability for long periods either in storage
or in the soil (10,20). Although the P. aeruginosa isolate used in
this study was not pathogenic, it was handled with great care.
As more information became available on the opportunistic
human pathogenic properties of P. aeruginosa (19), we highly
discourage its use in related future studies; rather other species
of Pseudomonas could be used. We recommend further
comparative studies of the PGPR properties between many
representatives of the two genera.
RESUMO
Comparação da promoção de crescimento de plantas
por Pseudomonas aeruginosa e Bacillus subtilis em
três vegetais
Nosso objetivo foi comparar as propriedades PGPR
(rizobactérias promotoras de crescimento de plantas) de
Bacillus subtilis e Pseudomonas aeruginosa. Solanum
licopersicum (tomate), Asbelmoschus esculentus (ocra) e
Amaranthus sp (espinafre africano) foram inoculados com as
culturas bacterianas. Após 60 dias de plantio, a biomassa seca
das plantas tratadas com B.subtilis e P. aeruginosa aumentou
31% para o tomate, 36% e 29% para ocra, e 83% e 40% para
espinafre africano, respectivamente, em comparação com o
controle não inoculado. Considerando os parâmetros testados,
o desempenho dos dois microrganismos foi similar, sem
diferença estatisticamente significativa (p< 0,05).
Palavras-chave: PGPR, Pseudomonas aeruginosa, Bacillus
subtilis, promoção de crescimento
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